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IT IS CLAIMED: 
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1 - A method of forming a multilayered-structure composed of two or more 
discrete monomolecular layers, where each layer is composed of molecules of a 
5 selected polycyclic aromatic compound having a defined z axis oriented 

; r substantially normal to Hie plane of the m onolayer, said method comprising 

(a) depositing molecules of a selected polycyclic aromatic compound having a 

-*f ' 

defined z axis with a chemically reactive group at each axial end, by vapor phase 
deposition, onto a substrate having surface-reactive sites capable of reacting 
10 with the chemically reactive group in the selected compound, said depositing 

being carried under conditions which allow chemiadsorption of the selected 
compound in a molecular monolayer, by covalent coupling of one end of the 
compound to the substrate, and sublimation of non-covalently bonded 
compounds from the surface, 

15 (b) by said depositing, forming on the substrate, a monomolecular layer of the 

selected compound characterized by in-plane compound ordering, and 
(c) repeating steps (a) and (b) one or more times, where the monomolecular layer 
formed at each round of steps (a) and (b) forms a new substrate having a 
surface-exposed monolayer with exposed reactive groups. 
20 

2. The method of claim 1, which further includes, between steps (b) and (c), 
reacting the surface-exposed monolayer with a bifunctional reagent that reacts with said 
exposed reactive groups, to produce a coupling layer having exposed reactive groups with 
which the reactive groups of the selected compound forming the next monolayer can 
25 react, 



3 ♦ The method of claim 2, wherein the surface-reactive groups on the substrate are 
amine groups, and the bifunctional reagent is a diamine compound. 



30 4. The method of claim 3, wherein the selected compound is a polycyclic 
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tetracarboxyl iodianhydride compound. 

5. Hie method of claim 4, wherein steps (a) and (b) are carried out N times in 

succession for a first selected polycyclic tetracarboxylic-dianhydride compound, and M 

5 times in succession for a second selected polycyclic tetracarboxylic-dianhydride 
compound. 

6. The method of claim 5, wherein the first and second polycyclic 
tetracarboxylic-dianhydride compounds are peiylene and naphthalene 

10 tetracarboxylic-dianliydride compounds, respectively. 
J 7. The method of claim 4, wherein steps (a) and (b) are carried out N times in 

J|j succession -for a first selected polycyclic tetracarboxylic-dianhydride compound, and one 
p] or more times in succession for the bifiinctional reagent. 

s 15 8. The method of claim 2, wherein the surface-reactive groups on the substrate are 

h maleimide groups, the selected compound is a polycyclic compound with z-axis amine 
™ groups, and the bifiinctional reagent is a bismaleimide compound. 

:■ — - 
r™ 

9. The method of claim 8, wherein the selected compound is a diamino 
20 carbozole. 



10. A method of forming a multi-layered structure composed of two or 
more discrete monomolecular layers, where each layer is composed of 
25 molecules of a selected polycyclic aromatic compound having a defined 

axis oriented substantially normal to the plane of the monolayer, said 
method comprising one or more repetitions of: 

(a) depositing molecules of a selected polycyclic aromatic compound 

j ^4 
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having a defined axis with a chemically reactive group at each axial end, 
by vapor phase deposition, onto a substrate having surface-reactive sites 
capable of reacting with the chemically reactive group in the selected 
compound, said depositing being carried under conditions which allow 
5 chemiadsoiption of the selected compound in a molecular monolayer, by 

covalent coupling of one end of the compound to the substrate, and 
sublimation of non-covalently bonded compounds from the surface; and 

(b)by said depositing, forming on the substrate, a monomolecular layer of 
10 the selected compound; 

wherein each repetition forms a new substrate having a surface-exposed monolayer with 
-exposed reactive groups, 

1 1 - A method according to Claim 10 wherein said axis is a z axis. 

12. A method according to Claim 10 wherein the monomolecular layer formed in 
15 (b) is characterized by in-plane ordering, 

13 . A method according to Claim. 10-wherein said selected polycyclic aromatic 
compound is planar. 

14. A method according to Claim 10 wherein said vapor phase deposition is 
carried out under CVD conditions. 

20 15. The method of claim 10, which further includes, before or after at least one of 

said repetitions, reacting the surface-exposed monolayer with a selected 
bifunctional reagent that reacts with said exposed reactive groups, to produce a 
coupling layer having exposed reactive groups with which the reactive groups 
of the selected compound forming the next monolayer can react. 

25 16- The method of Claim 15 wherein a selected bifiinctionai reagent is electrically 

conducting. 

17. The method of Claim 16 wherein the electrically conducting bifunctional 
reagent is selected from oligothiophene and ob'goaniline, 

18. The method of Claim 15 wherein the bifunctional reagent is electrically 
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insulating. 

19. The method of Claim 18 wherein the electrically insulating Afunctional 
reagent is selected from -(CH2) 0 - 3 where n is between 1 and 5, and ^-(CHi)^ 
where n is between 0 and 5 and § represents a phenyl 
5 20. The method of claim 15, wherein the surface-reactive groups on the substrate 

are amine groups, and the bifunctional reagent is a diamine compound. 

21. The method of claim 20, wherein the selected compound is. a polycyclic 
tetracarboxylic-dianhydride compound. 

22. The method of claim 21, wherein steps (a) and (b) are carried out a first 
10 number of times in succession for a first selected polycyclic 

2 tetracarboxylic-dianhydride compound, and a second number of times in 

jg succession for a second selected polycyclic tetr^arboxyKc-dianhydride 

pl compound. 

^ 23. The method of claim 22, wherein the first and second polycyclic 

^ 15 tetracarboxylic-dianhydride compounds are perylene and naphthalene 

b tetracarboxylic-dianhydride compounds, respectively. 

' 24. The method of claim 21, wherein steps (a) and (b) are carried out a first 
number of times in succession for a first selected polycyclic 
tetracarboxylic-dianhydride compound, and one or more tiroes in succession 
20 for the bifimctional reagent 

25. The method of claim 15, wherein the surface-reactive groups on the substrate 
are maleimide groups, the selected compound is a polycyclic compound with 
z-axis amine groups, and the bifunctional reagent is a bisrnaleimide compound. 

26. The method of claim 25, wherein the selected compound is a diamino 
25 carbozole. 



27. A mult 




cture comprising 
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a substrate, 

fanned on the metallic substrate, a first monomolecular layer composed of 
montoiers of a first selected polycyclic aromatic compound having a 
defineti axis oriented substantially normal to the plane of the monolayer, 
with thd monomers foiming the monolayer being covalently attached at one 
axial eno\to the substrate, and 

a second ntonomolecular layer composed of monomers of a second selected 
polycyclic aromatic compound having a defined axis oriented substantially 
normal to the\ plane of the monolayer, with the monomers forming the 
monolayer beirk covalently attached at one axial end to an axial end of 
molecules fonning the first monolayer. 

28. A multilayered strucuire according to Claim 27 wherein said axis is a t axis 
and each of the monomolecular layers being characterized by in-plane 
ordering. 

29. A multilayered structure^ according to Claim 27 wherein said selected 
polycyclic aromatic compound isplanar. 

30. A multi-layered structurejdccording to Claim 27, wherein the monomers in 
the first monolayer arJ^j/ovalently attached to molecules in the second 
monolayer through bifunctionalVeagent molecules fonriing a monomolecular 
coupling layer between the two layers formed of polycyclic aromatic 
compounds. 

31. A multi-layered structure accordingXto Claim 30 including a Afunctional 
reagent that is electrically conducting. 

32. A multi-layered structure according toVllaim 31 wherein the electrically 
conducting bifuhctidnal reagent^ is~ selected from oligothtophene and 
oligoaniline. 

33. The multilayered structure of Claim 30 including^ birunctional reagent that is 
electrically insulating. 

34. The multilayered structure of Claim 3 1 wherein \he electrically insulating 
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bWctionaJ reagent is selected from -(CH 2 )»-, where n is between 1 and 5, and 
(f>-0CH2)n-<k where n is between 0 and 5 and <(> represents a phenyl. 

35. A rrkltilayered structure according to Claim 27, which includes a first number 
of layers of a first selected polycyclic compound and a second number of 
layers of a second selected polycyclic compound. 

36. A multilayered structure according to Claim 35, wherein the first and second 
polycycUaU compounds are perylene and naphthalene 
tetracarbpxyfflc^anhydride compounds, respectively. 

37. The mu^tila^ered structure of claim 35, wherein the selected compound is 
formed by polycyclic compound having axial amine groups, and the 
bifunctional reagent is a bisrnaleirnide compound. 

38. The compositioil of claim 37, wherein the selected compound is a 
diamino carbozole) 

A method of forming a multi-layered structure composed of two or 
more discrete monomolecular layers, where each layer is composed of 
molecules of a selected polycyclic aromatic compound having a defined 
axis oriented substantially normal to the plane of the monolayer, said 
method comprising: 

(a) providing a solid surface having surface reactive sites; 

(b) depositing on said solid surface a selected coupling agent having a first 
reactive group, which is capable of reacting with the reactive sites of the said 
solid surface; and a second reactive group, which is capable of reacting 
neither with the reactive sites of the said solid surface nor with the said first 
re acti ve gr ou p; ; _ 

(c) by said deposition, forming a substrate having surface reactive sites, the 
substrate being composed of the said solid surface and a template layer 
chemiacsorbed thereon by covalent coupling of the first reactive group of 
the coupling agent to the reactive sites of the said solid surface; the 
surface reactive sites of the substrate are occupied with the second reactive 



27 



1 

t 



group of the said coupling agent; 

(d) depositing on said template layer molecules of a selected polycyclic 
aromatic compound haying a defined axis with, a chemically reactive 
group at each axial end, by vapor phase deposition, said selected 
polyciclic aromatic molecules being capable of reacting with the second 
reactive groups exposed on the said substrate, said depositing being 
carried under conditions which allow xihemiadsorption of the selected 
compound in a molecular monolayer, by covalent coupling of one end of 
the compound to the template layer, and sublimation of non-covalently 
bonded compounds from the surface; and 

(e) by said depositing, forming on the template layer a monomolecular layer 
of the selected compound to form a substrate having a surface-exposed 
monolayer with exposed reactive groups; 

(f) repeating one or more repetitions of 

(i) depositing molecules of a selected polyc yclic aromatic 
compound having a defined axis with a chemically reactive 
group at each axial end, by vapor phase deposition, onto the said 
substrate having a surface-exposed monolayer with exposed reactive 
groups; wherein said chemically reactive groups of said selected 
polycyclic aromatic compound is capable of reacting with the 
chemically reactive groups of said substrate, said depositing 
being carried under conditions which allow chemiadsorption of 

the selected compounds a-moleGular-monolayer^-by- covalent— 

» 

coupling of one end of the compound to the substrate, and 
sublimation of non-covalently bonded compounds from the 
surface; and 
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(ii) by said depositing, forming on the substrate, a monomolecular 
layer of the selected compound; 

wherein each repetition forms a new substrate having a surface-exposed 
fj-jf monolayer with exposed reactive groups. 
5 ^ A method according to Claim ^wherein said solid surface is of a metal. 

A method according to Claim ffi wherein said surface is of silicone, titanium, 
<0 indium, iron, copper, gold or platinum.^ 
-4dL A method according to Claim wherein said solid surface is a 
v semiconductor. _ 
10 A method according to Claim ^£ wherein said semiconductor is GaAs or 

yf. A method according to Claim 39 wherein said solid surface has an outer layer 
n of hydroxy 1 layer- r(\ 

jfn. A method according to Claim ^9 wherein the coupling agent has a spacer 



15 confined between the said first j^nd second reactive groups, 

4<n A method according to Claim j£ wherein said spacer is an alyphalic, aromatic, 
^ inorganic or metaloorgainc moiety. 

jfi. A method according to Claim ^ wherein said axis is a z axis. 
4». A method according to Claim ^9^wherein the template layer and the 
20 monomolecular layers formed in (e) and in (f)ii are characterized by in-plane 

^ ordering. 

^9, A method according to Claim ^wherein said selected polycyclic aromatic 
,aC compoundis planar. 

$0. A method according to Claim 3jf wherein said vapor phase deposition is 
25 — carried out under G VE> conditions. — 




A method according to Claim wherein the deposition of step (b) is carried 
^> out by a solution phase reaction. 

The method of claim which further includes, before or after at least one of 
said repetitions and/or before or after the deposition of step (d), reacting the 
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surface-exposed monolayer with a selected bifunctional reagent that reacts 
with said exposed reactive groups, to produce a coupling layer having exposed 
reactive groups with which the reactive groups of the selected compound 
\. forming the next mono^yer can react. 

J&Tbe method of Claimed wherein a selected bifunctional reagent is electrically 
conducting. . 

The method of Claim p& wherein the electrically conducting bifunctional 
£7 reagent is selected from olisothiophene and oligoaniline. 
^o. The method of Claim 52f wherein the bifunctional reagent is electrically 
\ insulating. 

fb. The method of Claim -S3 wherein the electrically insulating bifunctional 

reagent is selected from -(CH 2 ) n -, where n is between 1 and 5, and ty-(CH 2 )n-§, 
where n is between 0 and 5 and represents a phenyl. 
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